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Introduction {#sec1}
============

The mammary gland (MG) is composed of two main epithelial cell types: the basal cells (BCs), also called myoepithelial cells, and luminal cells (LCs). While LCs secrete water and nutriments to produce the milk during lactation, the BCs, through their contraction, guide the circulation of the milk throughout the ductal tree ([@bib36]). LCs can be subdivided into ductal and alveolar cells and between estrogen (ER)^+^/progesterone receptor (PR)^+^ and ER^−^/PR^−^ cells ([@bib15]).

Transplantation of fluorescence-activated cell sorting (FACS)-isolated mammary epithelial cells has shown that a single BC can reconstitute, although at low frequency, a functional MG ([@bib22], [@bib28]), suggesting that multipotent basal SCs reside at the top of the cellular hierarchy of the MG and give rise to all mammary lineages. While these transplantation experiments are important to define the clonogenic and differentiation potential of SCs, these assays mimic a regenerative state that does not necessarily reflect the natural fate of the cells in physiological conditions ([@bib3]).

It also has been hypothesized that such long-term multipotent basal SCs would give rise to more short-term common luminal progenitors able to differentiate into ER^+^ and ER^−^ cells ([@bib34]). Although LCs expressing ER were, for long time, thought to represent terminally differentiated LCs with low proliferative potential ([@bib19], [@bib6], [@bib21], [@bib9]), studies have demonstrated that ER^+^ can be labeled by administration of nucleotide analogs, such as tritiated thymidine or EdU, that are incorporated during DNA synthesis ([@bib39], [@bib25], [@bib5], [@bib1], [@bib10]), suggesting that ER^+^ cells can proliferate. Consistent with this notion, both ER^+^ and ER^−^ LCs presenting some clonogenic potential in vitro and in vivo have been isolated by flow cytometry ([@bib37], [@bib17], [@bib23], [@bib26]). Sca1 and CD133 (prominin 1), two cell-surface markers, have been shown to be correlated with ER expression ([@bib26]). Within Sca1-expressing LCs, CD49b expression can separate ER^+^ cells with (Sca1^+^CD49b^+^) and without (Sca1^+^CD49b^−^) in vitro colony-forming potential and the ability to contribute to MG formation following transplantation in vivo ([@bib23]). Long-term administration of EdU leads to the labeling of all LC types, which could indicate that each LC population is capable to proliferate but could also reflect a flux of EdU marked cells that transit from one population of LC to another ([@bib10]). While these data show that some ER^+^ and ER^−^ LCs are capable of proliferation, it remains unclear whether ER^+^ and ER^−^ are maintained by a common luminal stem cell (SC) or by distinct types of ER^+^ and ER^−^ restricted SCs.

Lineage tracing studies, the gold standard for studying the fate and dynamics of epithelial SCs during physiological conditions ([@bib3]), have been used to decipher the cellular hierarchy in MG development and adult homeostasis. Inducible lineage tracing strategies have allowed us to specifically mark BCs or LCs, and, in doing so, we and others have demonstrated that during puberty and adult life, BCs and LCs expand and are maintained by their own pool of lineage restricted unipotent SCs ([@bib32], [@bib31], [@bib16], [@bib12], [@bib18], [@bib20], [@bib7], [@bib2], [@bib29]). Transplantation of lineage-restricted BCs labeled by lineage tracing demonstrated the cells' ability to expand their fate in transplantation assays and to give rise to all MG lineages ([@bib32], [@bib16]), showing that transplantation assay might mimic a regenerative state that stimulates basal SCs to differentiate into luminal lineage. Lineage tracing at saturation, where either all BCs or all LCs are definitively labeled, demonstrated that each and every adult LC is maintained by its own pool of luminal-restricted SCs and is not replaced over time by basal SCs ([@bib38]). It is still unclear, however, whether the luminal lineage is composed of heterogeneous populations of luminal stem and progenitor cells.

Lineage tracing using the Wap-cre, which is active in luminal alveolar ER^−^ cells during pregnancy only, demonstrated that Wap-labeled ER^−^ LCs during a first pregnancy give rise to ER^−^ LCs during a second pregnancy ([@bib4]), suggesting that ER^−^ lineage can be sustained by a separate pool of SCs compared to the ER^+^ lineage. Consistent with this notion, more recent lineage tracing experiments showed that Notch1-labeled and Sox9-labeled ER^−^ luminal populations, which have long-term self-renewing potential, give rise to ductal and alveolar ER^−^ cells only, further demonstrating that a fraction of ER^−^ LCs are maintained by a distinct pool of SCs ([@bib18], [@bib35]). However, these data do not allow us to define the origin of ER^+^ cells or determine whether ER^+^ cells share a common precursor with other ER^−^ LCs that would not have been targeted by the Notch1CREER or the Sox9CREER. Prominin1CREER, which targets a fraction of ER^+^ LCs, showed that ER^+^ cells gave rise to ER^+^ cells only. However, as Prominin1CREER only labeled 2% of Sca1^+^ LCs, it remains unclear if Prominin1CREER-labeled cells are representative of the whole ER^+^ LC population ([@bib35]).

Different studies have demonstrated that LCs are the cancer cell of origin of different mammary tumors. Targeting LCs with Brca1/p53 deletion or oncogenic pik3ca demonstrated that LCs are more potent at inducing tumor formation than are BCs and that tumors arising from LCs are usually more aggressive and more heterogeneous ([@bib13], [@bib2], [@bib33], [@bib11]). It remains unclear from these studies whether the heterogeneity of luminal-derived tumors arises from the initial targeting of heterogeneous populations of luminal stem and progenitor cells or whether LCs are more plastic during oncogenic transformation.

To investigate LC heterogeneity and identify the origin of ER^+^ LCs and the mechanisms regulating their pubertal expansion and adult maintenance, we generated a transgenic ER-rtTA mouse, in which the TetOn tetracycline transactivator is expressed under the control of the *esr1* promoter, allowing us to perform doxycycline (Dox)-inducible lineage tracing of ER^+^ LCs and assessing their fate over time. We found that the ER^+^ lineage is maintained by lineage-restricted ER^+^ luminal SCs that ensure ER^+^ lineage expansion during pubertal development and the long-term renewing capacities of ER^+^ lineage in adult mice during cycles of pregnancy, lactation, and involution.

Results {#sec2}
=======

ER Expression during MG Development and Homeostasis {#sec2.1}
---------------------------------------------------

Immunostaining for ER during mouse MG development and adult life showed that during embryonic development, ER was not expressed in the MG epithelium and its expression was restricted to the mammary mesenchyme. ER became highly expressed in the MG epithelium around postnatal day 7 (P7) in a fraction of LCs (50%). The proportion of LCs expressing ER (around 50%) remained constant during the pubertal expansion and in adult virgin mice. Upon pregnancy, the proportion of ER LCs dramatically decreased, only 5% of LCs expressed ER at the end of the pregnancy, and no ER^+^ cells were observed during lactation ([Figures 1](#fig1){ref-type="fig"}A and 1B). After MG involution that accompanied the end of lactation, the proportion of ER^+^ returned to their initial value found in adult virgin mice ([Figures 1](#fig1){ref-type="fig"}A and 1B). These data show that the ER is dynamically expressed during MG development and adult life. Whether this dynamic expression of ER is the result of a regulated expression of ER in equipotent luminal SCs at different stages of MG development and adult remodeling or through a different clonal dynamic of ER^+^ and ER^−^ restricted SCs during these different stages remains unclear.Figure 1ER Expression and Luminal Cell Proliferation during MG Development and Adulthood(A) Immunostaining of ER (red), K8 (green), and nuclei (blue) in wild-type MG at E18, birth (P1), 7 days old (P7), puberty (5w), adulthood (8w), 14 days pregnancy (pregn), during lactation (lact), and after involution (invo).(B) Quantification of ER expression in K8^+^ luminal cells at different MG developmental stages.(C) FACS quantification of BrdU incorporation in Sca1^+^ and Sca1^−^ CD29^Lo^/CD24^+^ LCs in 4- and 10-week-old mice. Histograms and error bars represent the mean and SEM.See the [Supplemental Experimental Procedures](#mmc1){ref-type="supplementary-material"} for more details on quantification. Scale bars, 10 μm.

To assess whether LC heterogeneity is associated with differential proliferation within the MG epithelium, we assessed the proliferation rate of ER^+^ and ER^−^ LCs. To this end, we quantified by FACS bromodeoxyuridine (BrdU) incorporation in Sca1^+^ and Sca1^−^ CD24^+^CD29^Lo^ cells that represent ER^+^ and ER^−^ LCs ([@bib26], [@bib23]). We found that Sca1^−^ CD24^+^CD29^Lo^ cells presented a higher rate of proliferation, both during pubertal MG expansion and in adulthood, although 8% and 2% of Sca1^+^ incorporated BrdU in puberty and in adulthood, respectively ([Figure 1](#fig1){ref-type="fig"}C). These data are consistent with previously published studies using other methods to assess proliferation in the MG ([@bib25], [@bib10]) and show that a fraction of ER^+^ LCs are actively proliferating during pubertal expansion and in adult virgin mice.

Generation of Genetically Engineered Dox-Inducible ER-rtTA Mice {#sec2.2}
---------------------------------------------------------------

To determine whether all ER^+^ LCs are maintained by lineage-restricted ER^+^ SCs or whether some ER^+^ LCs are maintained by ER^−^ LCs or other cells, we generated a genetically engineered mouse model that allowed us to specifically target ER^+^ cells. To avoid using tamoxifen, which can induce delay of MG development ([@bib24], [@bib33]), we generated ER-rtTA transgenic mice that allowed us to target ER-expressing cells following Dox administration and to perform lineage tracing studies. The 4-kb fragment upstream of the *Esr1* transcription starting site was cloned into a vector containing rtTA and was injected into fertilized oocyctes. We identified four positive founders by PCR. We bred the ER-rtTA founder mice with TetO-H2B-GFP mice ([@bib30]) and found that one founder faithfully expressed H2B-GFP in ER^+^ LCs of the MG ([Figures 2](#fig2){ref-type="fig"}A and 2B). This founder mouse was used throughout this study.Figure 2ER^+^ Luminal SCs Ensure Expansion and Maintenance of the ER^+^ Luminal Lineage during Pubertal Development and Adult Mice(A) Genetic strategy to functionally test ER-rtTA founders.(B) Immunostaining of ER (red), GFP (green), and nuclei (blue) in MG of adult ER-rtTA/TetOH2B-GFP mice following 5 days doxycycline (Dox) administration showing H2B-GFP expression only in ER^+^ LCs.(C and D) Genetic (C) and experimental (D) strategies to lineage trace ER^+^ LCs and analyze their fate over time.(E and F) Immunostaining of ER (red), YFP (green), K14 (white), and nuclei (blue) in MG from 5-week-old ER-rtTA/TetOCre/RosaYFP mice without Dox (E) and following 5 days Dox food (F), showing expression of YFP in ER^+^ LCs following DOX induction.(G) Percentage of YFP^+^ cells in luminal population defined by CD24^+^CD29^Lo^ expression at different time points in MG from ER-rtTA/TetOCre/RosaYFP mice induced at 4 weeks old, showing that the proportion of labeled cells remained constant over time.(H) Absolute number of CD24^+^CD29^Lo^ cells during pubertal expansion as quantified by FACS.(I and J) Immunostaining of ER (red), YFP (green), and nuclei (blue) in MG from ER-rtTA/TetOCre/RosaYFP mice induced at 4 weeks old and analyzed 4 (I) and 10 weeks (J) later.(K) Experimental strategy of the lineage tracing at saturation.(L and M) Immunostaining of ER (red), YFP (green), and nuclei (blue) in MG from ER-rtTA/TetOCre/RosaYFP mice induced at saturation at the end of Dox treatment (sat-0) (L) and 4 weeks later (sat-4w) (M).(N) Quantification of YFP^+^ cells in ER^+^ K8^+^ LCs in saturation experiments (four mice were analyzed for each time point).(O--S) FACS analysis of Sca1 and CD49b (O and P) or CD133 and CD49b (Q and R) in total CD24^+^CD29^Lo^ LCs (O and Q) or in YFP^+^ CD24^+^CD29^Lo^ LCs (P, R, and S), showing that ER-derived YFP^+^ LCs are Sca1^+^ and CD133^+^.See the [Supplemental Experimental Procedures](#mmc1){ref-type="supplementary-material"} for more details on quantifications. Histograms and error bars represent the mean and SEM. Scale bars, 10 μm. See also [Figures S1](#mmc1){ref-type="supplementary-material"} and [S2](#mmc1){ref-type="supplementary-material"}.

ER^+^ Luminal SCs Mediated the Expansion of the ER Lineage during Pubertal Development {#sec2.3}
--------------------------------------------------------------------------------------

To assess the fate of ER^+^ LCs and the mechanisms that ensure their development and long-term maintenance, we performed Dox-inducible ER lineage tracing experiments by crossing ER-rtTA mice with TetOCRE/Rosa-YFP reporter mice ([@bib14], [@bib27]). We first assessed whether the ER^+^ cell expansion occurring during puberty is mediated by equipotent and multipotent luminal SCs or by lineage-restricted ER^+^ SCs by administering Dox to ER-rtTA/TetOCRE/Rosa-YFP mice for 5 days starting at P28. In the absence of Dox administration or ER-rtTA transgene, a small leakiness was observed in mesenchymal cells but no mammary epithelial cells were labeled, demonstrating the absence of leakiness of the ER-rtTA in the mammary epithelium ([Figures 2](#fig2){ref-type="fig"}E and [S1](#mmc1){ref-type="supplementary-material"}). After 5 days of Dox administration, only LCs expressing ER were initially labeled, and 99.5% of YFP^+^ LCs expressed high levels of ER as examined by immunostaining ([Figure 2](#fig2){ref-type="fig"}F), demonstrating the high specificity of ER targeting using the ER-rtTA/TetOCRE/Rosa-YFP mice. About 20% of LCs were YFP labeled as soon as 3 days following Dox administration, which corresponds to about 50% of the ER^+^ LCs ([Figure 2](#fig2){ref-type="fig"}G). Interestingly, the proportion of LCs that were YFP labeled at the end of the pubertal development (4 week chase) and during adult remodeling (10-week chase) did not change significantly ([Figure 2](#fig2){ref-type="fig"}G), despite the 4-fold expansion of the luminal population ([Figure 2](#fig2){ref-type="fig"}H) and similar ratio of ER^+^ cells at these two time points ([Figure 1](#fig1){ref-type="fig"}B), showing that the expansion of the ER^+^ lineage is not mediated by a population of unlabeled ER- LCs or basal cells but is rather mediated by ER^+^ SCs. These labeled LCs were all ER^+^ ([Figures 2](#fig2){ref-type="fig"}I and 2J), showing that ER^+^ SCs only give rise to ER^+^ LC lineage.

As we marked 50% of ER^+^ LCs in these experiments, we could not exclude that a fraction of unlabeled cells are replaced by another source of cells rather than by lineage-restricted ER^+^ SCs. To distinguish between these possibilities, we performed lineage tracing at saturation to label all ER^+^ LCs. To this end, we administered Dox during the whole period of MG pubertal expansion and assessed the cells' fate during adulthood ([Figure 2](#fig2){ref-type="fig"}K). One month of continuous Dox administration lead to the labeling of all ER^+^ LCs during puberty ([Figure 2](#fig2){ref-type="fig"}L). After a month of chase, all ER^+^ LCs were still YFP^+^ ([Figures 2](#fig2){ref-type="fig"}M and 2N), demonstrating that all ER^+^ LCs are self-maintained by ER^+^ SCs and not replaced by another cell type.

Upon Dox administration in ER-rtTA/TetOCRE/Rosa-YFP mice, labeled LCs (YFP^+^ CD24^+^CD29^Lo^) were all Sca1^+^ and CD133^+^ and were either CD49b^+^ or CD49b^−^, but no Sca1^−^ CD49b^+^ cells were labeled ([Figures 2](#fig2){ref-type="fig"}O--2S and [S2](#mmc1){ref-type="supplementary-material"}), consistent with previous report showing that Sca1 and CD133 mark ER^+^ LCs ([@bib26], [@bib23]). The proportion of labeled cells in these cell populations (YFP^+^ CD24^+^CD29^Lo^ Sca1^+^ CD49b^+^ and YFP^+^ CD24^+^CD29^Lo^ Sca1^+^ CD49b^−^) remained constant during pubertal expansion and adult remodeling, showing that ER^+^ LCs are sustained by their own pool of lineage-restricted SCs that are not replaced over time by other unlabeled populations.

ER^+^ LCs Maintain ER Lineage during Cycles of Pregnancy, Lactation, and Involution {#sec2.4}
-----------------------------------------------------------------------------------

During pregnancy, the proportion of ER^+^ cells drops dramatically, due to the expansion of ER^−^ expressing cells that differentiate into alveolar milk-producing cells ([@bib18]). However, at the end of the involution stage, the proportion of ER^+^ expressing cells is similar to the pre-pregnancy level ([Figures 1](#fig1){ref-type="fig"}A and 1B). It is still unclear whether ER^+^ cells selectively survive from involution or whether ER expression is dynamically regulated in LCs and is expressed by ER^−^ cells after involution.

To address this question, we labeled ER^+^ cells during puberty by Dox administration to ER-rtTA/TetOCRE/Rosa-YFP mice and mated them when 8 weeks old. We analyzed the mice when they were 2 weeks' pregnant, lactating since 2 weeks, 6 weeks after weaning, and after a complete second cycle of pregnancy, lactation, and involution ([Figure 3](#fig3){ref-type="fig"}A). After 2 weeks of pregnancy, the proportion of YFP^+^ cells dramatically decreased proportionally to the decrease of ER^+^ cells observed by immunostaining, and labeled cells were observed both in ductal and in alveolar regions ([Figures 3](#fig3){ref-type="fig"}B--3E). During lactation, rare YFP^+^ cells were scattered in the alveoli, but did not show detectable ER expression ([Figures 3](#fig3){ref-type="fig"}F and 3G). All YFP-labeled cells were PR^+^, showing ER-derived cells maintain their hormone responsive potential, albeit not currently expressing ER ([Figure 3](#fig3){ref-type="fig"}H). After involution, YFP^+^ cells were observed at a frequency similar to the one observed before pregnancy, and all YFP^+^ cells expressed ER, showing the labeled ER^+^ cells kept their ER^+^ identity through the cycle of pregnancy, lactation, and involution and that ER^+^ cells do not arise from ER^−^ cells after involution ([Figure 3](#fig3){ref-type="fig"}I).Figure 3ER^+^ Luminal SCs Ensure Maintenance of ER^+^ Lineage during Cycles of Pregnancy, Lactation, and Involution(A) Experimental strategy to induce lineage tracing of ER^+^ LCs at the onset of puberty and analyze their fate at different time points during cycle of pregnancy, lactation, and involution.(B--E) Immunostaining of YFP and ER (B and E), K8 (C and E), K14 (D), and nuclei in MG from ER-rtTA/TetOCre/RosaYFP mice induced at 4 weeks old during pregnancy showing scarce ductal and alveoli YFP^+^ ER^+^ cells during pregnancy.(F--H) Immunostaining in the MG from ER-rtTA/TetOCre/RosaYFP mice induced at 4 weeks old during lactation, showing scarce YFP^+^ ER^−^ (F), K8^+^ (G), and PR^+^ (H) cells in alveoli.(I) Immunostaining of ER (red) and YFP (green) in MG from ER-rtTA/TetOCre/RosaYFP mice induced at 4 weeks and analyzed after involution.(J) Percentage of YFP^+^ cells in CD24^+^CD29^Lo^ expression at different time points, showing that the proportion of ER^+^-labeled LCs decreases during the pregnancy, but returns to levels similar to those before pregnancy after involution.(K) Absolute number of LCs and ER-derived YFP^+^ LCs based on CD24^+^CD29^Lo^ expression during pregnancy, showing that the total LCs expand by 5-fold, whereas ER-derived YFP^+^ LCs remain constant.See the [Supplemental Experimental Procedures](#mmc1){ref-type="supplementary-material"} for more details on quantifications. Histograms and error bars represent mean and SEM. Scale bars, 10 μm.

FACS analysis of the proportion of YFP^+^ LCs at different stages showed that although the proportion of YFP^+^ cells dramatically decreased during pregnancy, it returned to the proportion observed before pregnancy after involution following one or two cycles of pregnancy, lactation, and involution ([Figure 3](#fig3){ref-type="fig"}J). Quantification of the absolute number of LCs before and during pregnancy showed that the number of YFP^+^ ER-derived cells remained constant ([Figure 3](#fig3){ref-type="fig"}K), although their relative proportion decreased during pregnancy due to the expansion of the ER^−^ cells. These results demonstrate that ER^+^ and ER^−^ cells represent distinct self-sustained lineages during cycles of pregnancy, lactation, and involution.

### ER^+^ Adult LCs Have Regenerative Potential following Transplantation {#sec2.4.1}

Transplantation assays have been used for decades to assess SC potential in the MG ([@bib8], [@bib34]). Whereas BCs are multipotent when transplanted alone, when BCs and LCs are transplanted together they maintain their lineage-restricted fate, similarly to physiological conditions ([@bib32]). To assess whether ER^+^ derived LCs are able to expand and contribute to repopulating activity of the ER lineage in transplantation assays, MGs from 10-week-old ER-rtTA/TetOCRE/Rosa-YFP treated with Dox to induce YFP expression in ER^+^ LCs were harvested, dissociated into small fragments or single cells, and grafted into immunodeficient mice ([Figures 4](#fig4){ref-type="fig"}A and 4F). Out of 13 grafts, we observed 12 YFP^+^ outgrowths and 1 YFP^−^ outgrowth in MG fragment, and out of 15 grafts, we observed 14 YFP^+^ and 1 YFP^−^ outgrowth in single-cell transplantation. In each YFP^+^ outgrowth, YFP^+^ ER-derived cells contributed to the repopulation of ER^+^ lineage and did not contribute to other lineages ([Figures 4](#fig4){ref-type="fig"}B--4J). These results clearly demonstrate the regenerative and lineage-restricted potential of adult ER^+^ luminal SCs.Figure 4ER^+^ Adult LCs Have Renewal and Lineage-Restricted Potential following Transplantation(A) Experimental strategy to transplant MG fragments of 10-week-old ER-rtTA/TetOCre/RosaYFP mice induced 5 days with Dox at 4 weeks old.(B--F) Immunofluorescence of Hoechst (B), YFP (C--F), and PR (D and E), K14 (D), or K8 (F) in MG outgrowth following MG fragment transplantation, showing that YFP^+^ were all PR^+^.(G) Experimental strategy to transplant 100,000 cells containing ER^+^ YFP^+^-labeled LCs, unlabeled ER- LCs, and BCs of 10-week-old ER-rtTA/TetOCre/RosaYFP mice induced 5 days with Dox at 4 weeks old.(H--L) Immunofluorescence of Hoechst (H), YFP (I--L), and PR (J and K), K14 (J), or K8 (L) in MG outgrowth following transplantation of unsorted cells from ER-rtTA/TetOCre/RosaYFP mice, showing YFP^+^ LCs were all PR^+^.Scale bars in (C)--(F) and (I)--(L) represent 10 μm. Scale bars in (B) and (H) represent 100 μm.

Discussion {#sec3}
==========

Our ER lineage tracing experiments provide clear evidence that the ER^+^ lineage is maintained by a distinct pool of lineage-restricted luminal SCs independent of the ER^−^ luminal lineage. Our data show that ER^+^ luminal lineage expands and is maintained by ER^+^ luminal SCs, and not by ER^−^ luminal SCs. Lineage tracing at saturation, where all ER^+^ cells are labeled, shows that ER^+^ SCs exclusively contribute to the ER^+^ lineage, and not at all to the ER^−^ lineage. Moreover, our data also demonstrate that, once specified, ER^+^ luminal cells are exclusively maintained by ER^+^ SCs, and not by a common progenitor for ER^+^ and ER^−^ lineages under physiological conditions, including puberty MG expansion, adulthood, and cycles of pregnancy, lactation, and involution. Transplantation experiments further demonstrate the high regenerative potential of ER^+^ luminal SCs. Our data allow to substantially revise the current model of the cellular hierarchy that maintains MG and provide clear evidences that the ER^+^ and ER^−^ cells are maintained by distinct pools of lineage-restricted luminal SCs, consistent with other recent studies ([@bib18], [@bib35]).

Our ER-rtTA mice and ER lineage tracing approaches will be instrumental in isolating with high purity ER^+^ cells at different stages of MG development and adult remodeling. These mice also will be used to specifically ablate the ER^+^ LC lineage and assess the cells' essential and non-redundant role in mediating MG development and cycles of pregnancy, lactation, and involution. Finally, these mice will be used to assess whether tumor heterogeneity found in luminal-derived mammary tumors is the consequence of pre-existing of luminal cell heterogeneity between the ER^+^ and ER^−^ cells or through their high plasticity of LCs following oncogenic transformation.

Experimental Procedures {#sec4}
=======================

ER-rtTA Mice Generation {#sec4.1}
-----------------------

ER-rtTA transgenic mice were generated using the 4-kb sequence upstream of the ATG codon of the murine Esr1 gene, β-globin intron, the rtTA fragment from the pTetON Advanced plasmid and the SV40 polyA signal. Detailed procedures are described in the [Supplemental Experimental Procedures](#mmc1){ref-type="supplementary-material"}.

Immunostaining, Mammary Cell Flow Cytometry, and Quantifications {#sec4.2}
----------------------------------------------------------------

Detailed protocols for immunostaining, mammary cell flow cytometry, and quantifications are described in the [Supplemental Experimental Procedures](#mmc1){ref-type="supplementary-material"}.

Cleared Mammary Fat Pad Transplantation {#sec4.3}
---------------------------------------

1 mm^3^ fragments or 100,000 unsorted cells in unicellular suspension generated from Dox-treated adult ER-rtTA/TetOCRE/RosaYFP mice were transplanted into cleared fat pad from 4-week-old Nod Scid mice. Detailed procedures are described in the [Supplemental Experimental Procedures](#mmc1){ref-type="supplementary-material"}.
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